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A  CAD-CAM  INTERACTIVE  GRAPHICS  SYSTEM  DESIGNED  BY  USERS 

I 

BY 

D.  J.  LAUER 

LOS  ALAMOS  SCIENTIFIC  LABORATORY 
LOS  ALAMOS,  NEW  MEXICO,  USA 


The  Los  Alamos  Scientific  Laboratory  (LASL)  is  a  large,  multidisciplincd  research 
laboratory,  operated  by  the  University  of  California  for  the  U.  S*  Department  of  Energy 
(DOE).  An  interactive  graphics  system  was  specified  and  developed  to  integrate  design, 
drafting,  testing,  analysis,  and  mani:facturing  operations  to  achieve  efficient  and 
effective  Laboratory-wide  services.  To  accomplish  this,  the  graphics  system  is 
hardware-independent  and  has  an  associative  data  base  structured  on  two-  and  three- 
dimensional,  bounded  geometry.  The  data  base  allows  for  levels  of  attributes  that  can 
be  attached  or  deleted  and  interrogated.  This  graphics  system  is  described  with  emphasis 
on  its  capability  and  efficiencies  and  Uxe  effect  of  the  associative  data  base  on  the 
“design-build -test**  cycle.  The  capprbility  of  attaching  attributes  is  explored  as  the  means 
of  communicating  the  design  and  prianufacturing  data  base  to  the  management  data  base. 

The  graphic  system  is  shown  t^De  cost  effective  for  the  big  as  well  as  small  user. 


I.  BACKGROUND 


a  significant  effort  at  LASL  since  the  Manhattan  Project  in  1943, 
when  a  group  was  formed  to  provide  special  hand  calculations  required  by  weapons 
theoreticians  and  engineers.  The  next  decade  marked  the  development  of  electronic 
computing  methodology.  The  LASL  scientists  not  only  used  various  computers  through¬ 
out  the  country,  bul  they  v/ere  actively  engaged  in  computer  design  and  construction.  This 
endeavor  resulted  in  the  first  MANIAC  (Mathematical  Analyzer,  Numerical  Integrator,  and 
Computer)  in  1952.  The  IBM  701  arrived  in  1953,  the  IBM  704  in  1956,  and  LASL  was 
well  on  its  way  to  bec.oming  a  leader  in  the  field  of  automatic  data  processing. 

The  long-term  growth  in  computing  requirements  at  LASL  is  part  of  a  universal  trend 
that  is  driven  by  two  forces:  the  application  of  computers  to  new  fields  in  science  and  the 
increasing  complexity  of  the  problems  being  addressed.  The  number  of  computer  runs  at 
LASL  has  grovm  from  about  6000  per  month  in  1962  to  150,000  per  month  in  1977.  In 
parallel  with  this  growth  in  volume,  the  complexity  of  the  problems  being  solved  has  grown. 

Today,  the  general  purpose  computers  at  LASL  include  a  CRAY-1,  four  CDC  7600*s, 
two  CDC  6600*s,  tv/o  CDC  Cyber  73*s,  a  PDF  11/70,  an  IBM  370/174,  an  IBM  360/50,  and 
two  Interdata  7/32*s,  as  well  as  other  supporting  equipment,  including  approximately  280 
minicomputers  for  experimental  data  acquisition,  manipulation,  and  control. 


Computing  hat  been 


The  computers  ore  contlnuolly  in  use  proces.ing  data  and  soivinB  problem,  m  nuclear 
and  convSnal  weapon,  de.lgn,  reactor  de.lgn.  chemical  reaction 

d™arn"c.  crystal  .tmcture,  a.trophyslc,  biology,  energy  uflmation.  a.rpollu.ion 
trntrormeeln  physic.,  plasma  physics,  la.or  physics,  controlled  thermonuclear 
research,  and  other  fields* 

Until  recently.  LASL  computing  was  i.entered  around  batch  processing  capability, 
which  an  ^hmase  system  tailored  -;o  the  needs  of  very  large  codes.  CompuUng 

capabilities  are  now  evolving  toward  an 

^  •  Ta'TUr  Vilr»  at  a  varlctY  of  remote  locationo  througn  a  variety  oi  . 

computing  capab  li^  ata  able  a^  y  common  file  etorage  systems. 

terminals  and  minicompuhorb.  vi/j.  vc*  y  & 

This  paper  describes  a  component  of  the  interactive  environment.  AD-2000* 
an  inter^ctWe  mechanical  design,  drafting,  testing,  analysis,  and  manufacturing 

graphics  system, 

U.  LASL  REQUIREMENTS, 

Today  LASL  employs  more  than  6100  scientists,  engineers,  mathematicians,  and 
other  tchnfcal  stall  The  lacility  includes  more  than  gO.  000 
test  areas.  In  short.  LASL  is  many  persons  who  work  in  8ignif..ci.,..o.y 
scientific  disciplines  and  require  different  types  of  support  and  experimental  ha 
w^re  that  are  p^rov.ded  by  S-ps  M  design  and 

Slich'mreaTed”thrt "design  and  manufacturinB  •  -orkloads  would  continue  to  durmg 

It  neat n  7  year,.  Utat  personnel  Increaso.  would  not  meet  Bre  increased  worUoads. 
Indfttterfireliwoul  probably  be  curtailed.  It  was.  Bterelore.  imp.  rat.  ve  that 
the  productivity  of  design  and  manufacturing  units  be  increased. 

Numerically  controlled  (N/C)  machine  tools  had  been  in  use  at  LASL  since  the  late 
lOSO's  Direct  numerical  control  (DNC)  had  been  considered,  but  rejected  because 
le  quintt  I  like  parts  was  small,  and  Bte  cost  ol  secured  transmiss.on  Imo,  to  remote 
locations  canceled  the  economic  gains  one  expects  from  DNC. 

At  LASL.  the  designer  strongly  influences  both  the  design  and  manufacturing  cycle. 
Typically,  designer  responsibilities  are  the  following: 

1.  Layout  drawings 

2.  Assembly  drawings 

3.  Assembly  procedures 

4.  Part  drawings 

5.  Tool  and  fixture  drawings 

6.  Gage  design  drawings 

7.  Spline  curve  analysis 

8.  Mass  properties  analysis 

9.  Manufacturing  processes 

10.  N/C  tapes 

♦Registered  Trade  Mark  of  Manufacturing  and  Consulting  Services,  Inc. ,  (MCSI) 

Costa  Mesa,  CA 


designers.  Therefore,  most  of  the  N/C  tapes  were  produced  by  using  manual  and 
computer-assisted  mamxal  methods.  It  was  decided  that  an  increase  in  designer 
and  manufacturing  productivity  could  be  realized  if  an  in-house  APT  type  N/C  processor 
could  be  obtained.  In  3  972,  UNJAPr*"^  was  purchased,  and  implementation  and  system 
check-out  was  completed  in  1973  on  the  IBM  360/50  DOS  computer.  The  UNIAPT  system 
used  at  LASL  and  its  related  costs  in  1972  are  as  follows: 


UNIAPT  -  Basic  System  $34,000 

Editor  ,  5,000 

Lathe  Module  6,000 

Ruled  Surface  Module  3,000 

USURP  Module  3,000 

5-Axis  Module  5,000 

Mill  Module  ^^100 


TOTAL  $60, 000 

Although  J^ie  gains  for  UNIAPT  'were  significant,  they  were  not  intended  or  expected 
to  be  a  final  solution.  An  interactive  graphics  system  for  design,  drafting,  analysis, 
and  manufacturing  applications  was  expected  to  further  Increase  the  productivity  needed 
for  design  and  manufacturing.  But,  in  the  period  of  1970  through  1973,  the  circum¬ 
stances  were  as  follows: 

1.  Commercial  graphics  systems  were  inadequate  to  satisfy  LASL 
short-  or  long-range  requirements. 

2.  Commercial  suppliers  of  graphics  systems  were  unwilling  to 
change  current  product  line  capability. 

3.  LASL*s  C-Division  did  not  plan  to  supply  and  support  a  design 

graphics  system  until  FY197y.  ^ 

1 

Short-range  requirements  for  an  interactive  graphics  system  at  LASL  were  defined 
as  follows: 

1.  Operate  logically  from  the  user’s  viewpoint. 

2.  Complete  geometric,  2-  and  3 -dimensional  capability  for  design  layout 

and  detail  drafting.  | 

3#  Operate  in  either  SI  (mm)  or  English  finch)  system. 

4.  Operate  in  a  real  time/batch  mixed  environment  under  a  standard 
operating  system. 


3^ 
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5.  Operate  in.both  batch  and  interacUve  input  modes. 

6.  Design  in  a  function  modular  form. 

7.  Use  common  data  base  interface  for  short-  and  long-range  requirements. 

8.  Be  hardware  independent  (main  frame  and  terminal). 

9.  Provide  hook  for  long-range  requirements. 

10.  System  cost  incurred  at  one  time,  and  complete  freedom  provided  to 
implement  on  any  of  the  LASL's  computers. 

Long-range  aims  were  to  develop  the  following; 

interactive  crapMc.  N/C  capability  to  replace  batch  APT  proce.aor. 

z.  Design/drafting  associative  data  base. 

3.  Attribute  quality  for  nongeometric  data. 

4.  Capability  for  tv/o-and  three-dimensional  physical  analysis. 

5.  Common  data  base  for  design,  drafting,  analysis.  N/C.  manufacturing, 
and  management. 

\ 

ITT,  SOLUTION  \ 

contlnnon,  review  of  commercial  X'^Tt^e  pr'^orc"^^^ 

revealed  that  lew  *  "''bid  epcclfication  (13Y-187Z36A-1)  was 

Consequentl-y,  .o  to  nineteen  poLntial  suppliers  for  a  new  generation 

Antoum”  (LASW  and  four  external  (commercial  software  house)  bids  were 
received.  They  are  cummarizcd  below. 


Bidder 

Exceptlonf? 

'Cost 

»Adiurted  Cost 

.  a 

Brand  A 

249 

123,000 

495,000 

LASL's  C -Division 

None 

260,000 

260,000 

Brand  B 

157 

93,500 

385,540 

Brand  C 

12 

296,852 

343,000  ' 

Mcs:i 

None 

105,500 

114,500 

.  j  a  •_  T  AST  orofframm'np  coat  estimate  to  eliminate  exceptions  and 

C.Dlvlslon  system  would  not  be  available  for 

field  testing  xintil  FY 1979. 


The  bid  submitted  by  Manuafat  turing  and  Consulting  Sorvicce,  Incorporated  (MCSI), 
Costa  Mesa,  CA,  was  accepted  for  two  reasons;  low  cost  and  no  exception  to  the 
specification.  The  MCSI  system,  AD-2000,  was  accepted  by  LASL  in  June  1975.  The 
original  purchase  was  as  shown  below. 


Item 


Basic  geometry  construction 
Extended  geometry  construction 
Mechanical  drafting 

2- D  nvunerical  control  pV-io  depth 

3- D  numerical  control 
Curve  mesh 

Draft  curve 

String 

Group 

SI /English  sv/itchable 
Vfindow/Zorm 
Z-clip  in  zoom 
APT  CDPRNT 

Extended  batch  input  capability 


14,000 

16,000 

11,500 

5,000 

10,000 

3,000 

4,000 

2,000 

3,000 

13,000 

6,000 

8,000 

2,000 

8,000 


Total  105,500 


In  March  1976,  the  system  was  expanded  to  include: 


Item 


NCI 

Point  to  point 

4,250 

NC2 

Machine  output  control 

750 

NC3 

Pockofc/Profile 

4,500 

NC5 

Machining  time 

750 

NC6 

CL»FILE  edit 

1,500 

NC7 

Circular  interpolation 

4,000 

NC8 

Rough  cut 

2,000 

NCIO 

Cornering  feedrate 

750 

NCll 

3-  and  5 -axis  island 

3,500 

NC12 

Drive  surface  rough  distance 

3,000 

NCI3 

Machining  curve  projected  to  surface 

2,000 

NC15 

Graphics  lathe  module 

11,000 

G-1 

Composite  curve 

1,500 

G-2 

Composite  surface 

7,500 

C-4 

Vector 

750 

G-6 

Plane 

1,750 

G-6 

S\irface  and  solids 

3,000 

G-7 

Special  solids 

5,000 

G-8 

Plane  slicing  solids 

6,000 

G-9 

Nonmonotonic  8pline/Z/3  dimensional 

2,000 

Item 


Viewing 
Surface  display 

Buffer  Bluffer  refresh  men^ory 
Intol/outtol  curve  approxitnation 
Intol/outtol  Burface  approximation 
Extended  spUne  analysis 


lu  August  1976  the  system  was  expanded  to  includes 

Cost.  $ 

Item 

3,000 

08-2  File  management  function  2,500 

DR-2  Automatic  test  for  arrov  control  4,500 

M4  GRaphs  Applications  Language  -  GRAPL  4,000 

M5  pR/VPL  Level  11  4'  559 

M7  GRAPL  Level  III  ,  ,  ,  4,500 

CIO  Data  plot  system  -  interactive  and  batch 

Gil  Normal  arc  2,000 

G12  Chamfer  line  5OO 

G13  Axis  definition  359 

G14  Polar  line  1,500 

G15  Auto  Chamfer /Fillet  1,500 

Bl  Macro  in  batch  mode  4,500 

07  Canon  1,500 

09  Entity  selection  1,500 

Oil  Entity  retention  4,500 

012  User  defined  symbols  or  character  se  s  4,500 

021  common  independent,  aaye 

Postprocessor  -  Lodge  and  Shipley  1 

Originally  fte  .y.Un.  wa.  toplemenied  on  the  CDC  7600  coW«>hr  ayetem. 

Thi.  |°^;,“ng  il^ZOOOrn  *1.  h^dVara^nfiguration,  all 

rr^l.rsi“::^e^na7o:I;^r;:aLte.^ 

tt,e  n/40  .;..e.... 

re::^!  aVrtf"drn^^^^^  hemg'' investigated  lor  iniplintentation  in  FV197C 

IV.  SYSTEM  CAPABILITY 

The  system  1.  modular  in  structure.  The  user  need  not  Implement  aU  the  modules 
to  have  a  usable  system.  T  le  modules  are  as  follows; 


4.250 

2.250 
1,750 

750 

1.250 
2,000 


,  Basic  Geometry 
.  Extended  Geometry 
,  Mechanical  Drafting 


•  Cleomctric  Analysifi 

•  Numerical  Control 

•  Attribute  Management 

•  GR/VPL 

•  Cadastral  Mapping 

•  Electronic  Drafting 

The  last  two  modules  are  not  discussed  in  this  paper. 


A.  Basic  Geometrv 


This  module  provides  the  user  with  a  two-d>rnensional  capability  for  points,  lines, 
arcs,  and  curves.  The  geometry  is  regenerative  by  associativity  for  points,  lines,  and 
arcs.  Features  of  the  module  are  as  follows: 


1.  Point  Definition  Forms: 

.  Screen  position 

•  Key-in  coordinates 

•  Polar 

•  Delta 

«  Vectored 

•  Circle  center 

•  On  a  circle  at  an  angle 

•  Curve  endpoint 

•  Intersection  of  two  curves 

•  Regenerate  spline  point 

•  On  a  line 

•  Curve  normal  point 

•  Surface  normal  point 

On  a  curve  at  a  paravi'^ter 

•  Surface  pierce  point 

•  Sjjherical  point 

•  Fan  point 

•  Incremental  point 

•  Modify/ replace 

2,  Line  Definition  Forms: 

•  Screen  position 

.  Key-in  coordinates 
.  Join  of  two  points 

•  Tangent  to  two  curves 

•  Through  a  point  and  horizontal  or  vertical 
.  Through  point  and  tangent  to  a  curve 

•  Polar  line 

•  Through  point  and  parallel  to  a  line 

•  Through  point  and  perpendicular  to  a  line 


.  Parallel  to  a  line  at  a  ui»taufc,c 
,  Parallel  to  a  line  tangent  to  a  curve 
.  Pcrpenaicular  to  a  line,  tangent  to  a  curve 
.  Divide  line  into  N  segments 
,  Join  two  curves 
,  Modify  status  of  infinite  line 
.  Axis  definition 
.  Chamfer 
,  Modify/replace 

3.  Arc /Cirrie /Fillet  Definition  Fortr.s; 

.  Screen  position 
.  Key -in  center  and  radius 
,  Center  point  and  radius 
,  Center  point  and  tangent  circle 
.  Center  point  and  point  on  edge 
,  Through  three  points 
.  Modify  angle 
.  Fillet 

.  Inscribed  in  three  lines 
,  Normal  to  view 
.  Modify/ replace 


4.  Spline; 

This  module  is  based  on  the  Wilson-Fowler  cubic  spline,  but  inodified  to 
the^monotonicity  requirement.  Endpoint  and  slope /normal  ^ 

adjustments,  are  permitted.  The  spline  definition  lorms  are  as  follow  . 


,  Screen  position 
,  Key-in  coordinates 
,  Existing  points 
,  Polar 


5.  Offset  Curve; 

A«v  curve,  or  eet  o£  cculiguoue  curve,,  can  be  o£t,et  a  normal  m,ta„ce  from  an 
exitung  c^viw.  The  ueer  Indicate,  the  direction  and  distance  of  ttte  offset. 


6.  Trim  Curve; 

A  curve(s)  may  have  it.  end.  both  ends,  or  the  middie  automaticaliy  trimmed  to 
the  indicated  trim  boundaries. 


7.  Other  Curves; 

slice* 


The  basic  design  can  be  modified  by  moving  p.->mc  entities  and  stretching  others. 
This  feature  is  automatic  and  eliminates  tiie  deletion  and  re-creation  of  entities, 
common  to  other  graphic  Bystems.  The  new  entities  are  mathematically  redefined 
and  replace  the  old  entities. 

Be  Exter  ded  Geometry 

This  module  provides  the  user  with  three-dimensional  curves  and  surfaces.  These 
curves  and  surfaces  are  of  the  type  required  for  manufacturing  aerospace,  ship,  and 
automobile  corriponents.  The  user  has  the  option  of  controlling  the  surface  graphic 
display  representation  to  suit  the  design  requirements.  Features  are  as  follows; 

1.  Three  Dimensional  Spline 

riiis  curve  has  all  the  features  of  the  nonmonotonic  spline  without  the  constraints 
of  being  defined  in  a  plane. 

» 

2.  Surface  Edge  Curve 

This  is  a  three-dimensional  space  curve  which  is  generated  along  the  edge  of 
any  surface. 


3.  Draft  Curve 


This  curve  is  generated  by  projecting  a  curve  to  any  surface  at  a  given  angle. 
This  curve  is  used  for  forging  dies,  plastic  molds,  or  any  application  where  draft 
is  required  for  part  removal  after  the  operation  has  been  completed. 


4.  Composite  Curve 


This  curve  is  a  set  of  contiguous  curves  that  are  joined  and  treated  as  a  single 
curve  for  purposes  of  duplication,  surface  definition,  and  machining  applications. 

5.  Surface  of  Revolution 

This  is  a  surface  of  any  shape  with  a  circular  cross  section.  Ally  curve  can  be 
used,  including  composite  curves,  as  the  driving  curve.  The  curves  need  not  be 
coplanar  with  the  axis  of  revolution.  ‘ 

6.  Vector  Definition  Forms; 


•  Screen  position 

•  Key-in  coordinates 
»  Two  points 

•  Surface  unit  normal 

•  Scalar  times  vector 

•  Cross  two  vectors 


.  Normal»7.ed  vector 

.  Through  point  at  given  length  and  angle 
.  Intersection  of  two  planes 
.  Sum  or  difference  of  two  vectors 

.  Through  point  at  angle  with  line  or  vector  j 

3-P  Tabulated  Cylinder 

”  Thl.  1.  a  .urtace  .ha.  ..  ganara.ad  by  moving  in  .he  direc.ion  of  a  .applied  vec.or. 

8.  Ruled  Surface  • 

straight  line.  One  cf  the  curves  may  be  a  point. 

9.  Developable  Surface 

This  i.  a  epecial  sub-.e.  of  .he  Ruled  Surface  in  which,  in  .he  view  of  defini.ion, 

rvXrh?ei-Sc:%rnrr?iudru;^^^^^  ■ 

and  fabrication  is  from  flat  stock* 

10.  Curve  Mesb  Surface 

Thi.  1.  a  differential  eurfac.  .hat  ie  generated  from  two  families  of  curves.  The 
two  families  are  not  restricted  to  being  orthogonal. 

11.  Fillet  Surface 

This  1.  u  traueltlonal  .urface  curve  of  elthor  a  fined  or  a  variable  radius  from  one 
surface  to  another* 

12.  Composite  Surfa^ 

This  is  a  set  of  user-selected  surfaces  aat  cau  be  joiood  aud  treated  a.  a  single 
surTace  lor  the  purpose  of  duplication  and  machmmg  appUcatione. 

13.  Offset  Surface 

f  nr  Pfvt  of  surfaces  that  is  offset  a  normal  distance  from  an 
This  is  a  surface  ■>'  7‘  indicates  the  direction  and  distance, 

existing  surface  or  set  of  surlaces.  me  u»e 

14v  T^roiected  Surface 

This  is  a  surface  that  is  made  ftp  of  a  curve  or  ee.  of  ourve.  dm.  is  projected  a 
normal  distance  to  a  view  creating  normal  (ruleu)  surfaces. 


w  *» 


Other  aurfaccB  provided  aro  plane,  Hphore,  cylinder,  torus,  cone. 
i6.  Solids 


A  bounded  solid  can  be  created  directly  without  additional  projection.  The 
solids  provided  are  hexahedron;  spheroid;  circular  rod;  toroid;  ellipsoid;  and 
projected,  rotated,  and  composite  solid. 

C.  Mechanical  Drafting' 

This  module  provides  the  user  with  a  sophisticated,  automated  drafting  ci-..  b  lii  v 
Labeling,  dimensioning,  three-dimensional  projection,  patterns,  line  font  co  ttre^, 
true-positional  tolerancing,  and  detailed  magnification  arc  some  of  the  cf.pahilit*  .n 
designed  to  relieve  the  draftsman  of  the  routine  portions  of  his  tasl's.  The  i^-.odule 
performs  these  drafting  functions  in  a  fr.action  of  the  time,  and  with  greater 
accuracy  and  repeatability  than  hac  been  attainable  heretofore  with  manual  methods. 

System  effectiveness  is  further  enhanced  by  the  capability  to  work  in  multiple  views 
Geometric  data  entered  in  the  work  view  ara  automatically  projected  into  all  othe.- 
views  being  displayed. 

Through  the  Mechanical  Drafting  module,  interactive  graphics  becomes  a  pov/orful, 
use,  cost  effective  tool  that  utilises  the  power  and  realizes  the  cost 
effectiveness  of  the  numerically  controlled  drafting  machine. 

The  Mechanical  Drafting  module  is  functionally  organized  as  follows: 

1.  Drafting  Modals 

rhe  drafting  modals  have  user's  present  values,  which  may  be  modified  at  any 
time#  They  include  the  following: 

•  Character  size 

•  Witness  line  control 

•  Tex*  •  arrow  control 

•  Automatic  dimensions 

•  Key-in  dimension 

•  Cross-hatching  material 

•  Decimal  place 

•  Fractions 

•  Label  and  dimension  origin 

•  Arrowhead  alignment 

•  Drafting  scale  factor 

•  Character  set  control 

•  Slant  status 

•  Arrowhead  length 

•  Dimension  offset  distance 

•  Display  drafting  modals 


Z ,  Projerled  FlntUjr 

This  capabilily  providf^s 
projected  normal  to  a  plane 
model  sbiipc* 


for  a  two-dimendior.al  geometric 
of  definition;  this  dcfinea  a  <nfce 


configuration  to  be 
-dimensional  stick 


3.  Cross-Hatching  « 

Cross  hatching  lines  are  automaHcally 

for  material  are  listed  below. 


•  Iron 

•  Steel 

•  Bronze,  brass,  cfpp^r 
,  Rubber t  pl?.8ti*: 

,  Refractor/  :natcr*cA 
,  Marble^  gia^:3,  slate 

•  ?.iinc,  iead,  babbitt 

•  Maguesitiim,  alumrr  um, 


and  aluminum  alloys 


4*  DlmcnBlonlnp  and 


.K.  I0..I  — trT'^e",:rL 

,„t.r.clively.  rorforming  .he  „vcrUpp'.ng  lines,  end 

use  his  judgement  In  adjust  fin  .  ^  inordinite  amount  of  computer 

add  special  notes,  all  o.  ^  ehores.  such  as  computing 

time.  The  computer,  "'eanu...  e.  P«'  lines;  and  storing  and 

distances;  generating  arrov..eads,  dimensio  •  ^  overridden  if  the  user 

teprnduclnl  data.  The  s^n  an at  any  time  by 

rS^gVe-Uhett  "ho  ralei  .0  a  new  position;  the  dimension  and  witness 
linos  are  adjusted  automatvcally. 


u  Cha-racteri^a^am^rs, 

The  character  selections  for  dimensions 


and  labels  are  as  follows: 


,  Variable  size 

,  0-  to  8 -place  decimal 

*  1-  to  4-place  decimal  tolerance 

.  Metric  option 
.  F  racticn  value 
,  Character  start 

Character  sets,  including  fast. 


standard, 


and  user  generated 


b.  Vertical,  Horizontal,  and  Parallel  Dlmcns ions 

This  capability  provides  for  (ho  dimensioning  of  vertical,  horizontal,  or 
parallel  distances  between  entities.  This  system  automatically  determines 
dimension  and  normal  witness  line  location,  and  whether  the  arrowheads 
should  be  inside  or  outside.  The  system  can  center  the  dimension  and  provide 
arrowhead  alignment. 

Cs  Angular  Dimensions 

This  capability  generates  circular  witness  lines  with  the  angle  automatically 
determined. 

d.  Circular  Dimensions 

This  capability  generates  a  leader  line  originating  at  the  center  of  the  arc  and 
pointing  to  the  arc,  or  pointing  to  the  arc  from  the  outside  and  connecting  to  eithc 
the  start  or  end  of  the  automatically  generated  dimension. 

e.  Diametric  Dimensions 


This  capability  generates  a  leader  originating  at  the  circle  edge,  passing 
through  the  center,  and  terminating  on  the  opposite  side  or  extending  beyond  the 
circle. 

f.  General  Note  and  Label 


This  capability  allows  the  entry  and  display  of  textual  data.  The  label  feature 
provides  an  associated  leader  line  that  points  to  a  specified  geometric  entity. 

g.  Detailed  Magnification  ’ 

This  capability  places  a  phantom  perimeter  about  a  constructed  area  to  be 
enlarged  and  relocated  to  a  new  position.  The  perimeter  is  included  in  the  new 
construction  and  a  join  line  to  the  original  perimeter  is  constructed.  All  entities 
in  the  enlarged  view  may  then  be  treated  as  separate  entities. 

h.  True  Positional  Tolerance  Symbols 

This  capability  allows  for  the  generation  of  composite  feature  control  symbols, 
datum  reference,  tolerance  symbols,  tolerance  value,  reference  and  basic 
dimensions. 

i.  Pattern  Generation 

This  capability  provides  for  the  definition  of  construction  elements  that  may  be 
stored  and  recalled  for  use,  much  as  a  template  is  used.  At  retrieval  time, 
placement  and  scaling  are  under  user  control. 


P.  Cieomcitric  Analysis 

,  »  1.  t«  a  parameter  verification  mode  that  allows  the 

.holr  cha«ctcrl..>c.  and  rclaUoaahipa.  In 


user  to  examine  entities  to  determine 
addition,  analyses  are  provided  for  the  following. 


1.  2 -D  Spline 

.  SLOPE  plot 
.  Curvature  plot 
,  Radius  of  curvature  plot 
.  X  vs  parameter  plot 
,  Y  vs  parameter  plot 
.  Extended  analysis  (APT) 


2,  2-P  Analysis 

}  Length  of  perimeter 
*  Area 

.  Center  of  gravity 
,  First  moment 
.  Moment  of  inertia 
,  Radius  of  gyration 
,  Polar  moment  of  inertia 
.  Polar  radius  of  gyration 


3.  3 -P  Analysis 

The  following  data  are  available  for  closed  figires 
or  projected  along  an  axis  normal  to  the  view: 


rotated  about  a  principal  axis 


,  Surface  area 
,  Volvume 
.  Weight 

,  V/eight  per  unit  length 
,  First  moment  of  mass 
,  Center  of  mass 
,  Moment  of  inertia 
.  Radius  of  gyration 
,  Spherical  moment  of  inertia 
,  Spherical  radius  of  gyration 


E»  Numerical  Control 

Th,.  module  U  designed  to 

Iraction  ol  the  „ot  another  programming  language:  it  .8  an 

WeraJtirgra^hll  rnplLement  (or  existing  programming  languages.  It.  output  .s 
standard  APT  C.T-<FILE* 


Sonic  features  Included  In  the  N/C  inodule  arc  as  followat 
1.  Polnt-to-Point 

This  capability  allows  for  the  selection  of  points  and  arrays  as  machining  locations. 
Multiple  operations  can  be  sequenced  with  full  control  over  clearance,  depth,  feed, 
speed,  etc.  All  convention?.!  cycles  are  provided,  including  the  capability  to  create 
user-defined  cycles  and  to  specify  available  machine  control  unit  automatic  features. 

Z.  Pocketing 

This  capability  generates  cutter  paths  automatically  to  renrove  the  material  from  a 
pocket.  The  pocket  can  be  any  area  bounded  by  a  closed  set  of  lines,  arcs,  conics, 
or  splines.  Full  control  of  the  type  of  tool  entry  and  retraction,  base  and  side  rough 
cuts,  as  well  as  feed,  speed,  arid  direction  are  available.  Simple  and  complex 
analyses  are  provided;  complex  analysis  requires  more  computer  time,  but  handles 
concavity,  notches,  and  cusps.  The  bottom  of  the  pocket  may  be  a  fixed  depth  or  canted 

plane. 

3.  Profiling 

This  capability  provides  for  the  profile  machining  of  a  curve  or  continguous  set  of 
geometric  entities.  The  features  and  restrictions  are  the  same  as  for  pocketing. 

4.  l.athe 

Any  part  and  blank  contour  from  AD-2000  construction  forms  can  be  used  for  TURN, 
FACE,  BORE,  CONTOUR,  GROOVE,  TAPER,  or  THREAD  OPERATIONS.  The  tool 
path  generation  for  lathe  is  automatic,  but  the  user  is  provided  complete  control  over 
each  operation  without  sacrificing  automatic  sequencing. 

5.  Three-Axis  Machining 

This  capability  provides  the  means  to  automatically  generate  tool  paths  whore  drive, 
part,  and  check  surfaces  are  indicated.  They  may  be  machined  to  any  desired 
tolerance.  Islands  (closed  internal  check  surfaces)  are  avoided  in  the  automatic 
tool  path  generation.  The  number  of  cuts  generated  is  a  function  of  the  maximum 
scallop  height.  The  part  check  and  drive  surfaces  may  be  any  AD-2000  surfaces. 

6.  Five-Axis  End  and  Swath  Cutting 

This  capability  provides  the  I,  J,  K  parameters  necessary  to  keep  the  tool  either 
normal  or  parallel  to  the  part  surface.  The  ability  to  machine  around  islands  is 
provided  while  in  the  lace  machining  mode.  All  conditions  applicable  to  three-axis 
machining  are  also  available  for  five-axis. 

7.  Absolute  Motion 

Any  geometric  entity  or  set  of  entities  can  be  used  to  position  a  tool  absolutely.  The 
tool/curvc  relationship  is  controlled  by  the  user. 


/ 


8,.S»ris«.££S!l!lS  ^  or 

This  capabUlly  provides  the  contro 
get  of  surfaec  edge  curved. 


^  T5 ••  #ik ? <* /•  f o f  1  to  2i  Stirfftcft 

9.  M.cMnlaiLgHaS-ElSJS^ - : - -  ,  ,  ,o  o„v  .urtace  and 

Thi,  capablllly  I'‘-r‘'‘°’,‘uo„"TlS4?  o“r  nlOTT  o/the  rc.ullant,  and  eilh.r 
Zma"tT44'art‘.°urfaca  nr  parallel  In  Iha  drive  eurface. 

10  DvnarnicTnolPailLEiSllH.  v  .a 

■^"ri4‘trr^tir::dnpii:rUn4- 

control  tape  is  generated. 

11«  CLi^ll-*^  Ed^  linear  recordu  is 

prn^vld^r  ""  ““ 

delete,  and  insert. 

•  atlne  mleeellanenn.  data  to  other 

TO.  capability  provide,  the  mean.  o(  „  ®ih„to.  (material,  machlnabllity, 

ma^^^cmrlng’  aLVl-  aft'aehed  to,  or  deleted 

„a...  den.ity.  atoek  in’terrogated  at  varloo.  ^'’or’^r^a^ment 

entities.  In  addition.  J  the.  desired  manufacturing,  analysis,  or 

the  input  data  necessary  to  periorm  m 

function. 

This  graphic  atatement  labels. 

dimensional  variables,  ^„i,pre  aD-2000  requests  input  data.  A1 

of  programs  can  be  used  anr./here  AD 
type  calculations  are  svailable. 

H.  Data  Gr^e.phs  ^ 

:  This  capability  P-vides  tbe  means  of^gene^^^^^  horizontal 

•:  Linear  graphs  may  be  point.  Ime.  o 
or  vertical  bar  charts. 


I»  Level  Management 

Thin  capability  provide»  the  mcano  of  creating  entities^  ditncnolons,  notcD,  etc, 
at  various  levels  so  that  designs  may  be  manipulated  in  and  out  of  asscrriblica  ‘witl)  parts 
or  all  of  the  data  base* 

J,  Part/Pattem  Management 

This  capability  provides  for  an  internal  control  for  storing,  retrmving,  deleting,  and 

archiving  data  files  independently  of  the  main  frame  operating  system. 

« 

,  SYSTFJM  COMMENTS 

The  construction  of  entities  in  the  graphical  environment  is  a  natural  end  logical  operation, 
he  geometry  Is  stored  in  an  associative  mathematical  data  base,  not  as  a  pictorial  repre- 
sntation.  No  restrictions  are  placed  on  the  actual  dimensions  of  the  final  work.  All  work 
;  automatically  scaled  (if  the  user  desires)  to  fit  the  display  screen.  Automatic  scaling  is 
>nip’cmcnted  b^the  ability  to  magnify  any  selected  area  of  construction.  All  construction 
i  considered  tliree-dimensional  and  can  be  viev/cd  in  any  orthographic  projection  or  rotated 
»  any  auxiliary  view.  The  user  can  lay  out  the  screen  just  as  he  would  a  drawing,  with 
>  to  32  auxiliary  views  being  displayed  at  any  one  time.  An  entity  created  in  one  view 
automatically  projected  onto  the  other  views,  unless  the  user  restricts  the  views  where  he 
ishes  the  entity  to  appear.  Views  can  be  clipped  (restricted)  to  display  only  entitles, 
r  parts  of  entities,  that  are  in  the  clipped,  bounded  envelope.  Cross  sections  (sliced  views) 
in  be  generated  to  provide  a  **look-in**  capability.  Constructions  completed  in  English 
nch)  dimensions  can  be  automatically  converted  to  SI  (mm)  or  vice  versa;  thus,  a  single 
isign  provides  drawings  in  both  systems.  Resizing  provides  the  automatic  compensation 
hrinkage  or  expansion)  required  for  manufacturing  considerations  (e.g.  die  shrinkage 
lowancc)  or  for  a  scaled  model  of  an  original  design.  These  capabilities  have  provided 
A.SL  with  an  increase  in  designer  output  from  30  to  70  percent,  depending  upon  what  type 
design  work  is  being  performed.  Additionally,  severe.!  new  design  configurations  have 
sen  made  that  would  have  been  impractical,  if  not  impossible,  had  it  not  bcen|for  interactive 
raphics  design. 

K/C  machines  are  only  cost  effective  while  they  arc  rviuning,  but  they  must  ijiave  correct 
pea.  With  the  graphics  N/C  module,  it  is  net  possible  to  by-pass  any  steps  that  are 
tcessary  for  efficient  machining.  Default  values  are  set  to  the  user’s  standard  machining 
•uctices.  Thut  even  a  novice  can  generate  efficient  operational  N/C  control  t^pes.  Several 
lique  algorithms  autor‘iatically  generate  rough,  semi-finish  and  finish  cut  vectors  for  lathe, 
111(3  and  5  axis)  and  pocket  type  machining.  The  milling  algorithms  include  plrovisions 
r  sub-level  pockets,  bosses,  and  islands.  The  dynamic  tool  path  display  of  tool  conter- 
le  and/or  Icrl  part  tangent  paths,  with  the  option  to  interrogate,  modify,  delete,  and  insert, 
•ovides  for  effective  and  efficient  CLFILE  validation.  Although  the  N/C  module  has  not 
sen  released  at  a  full  production  system  at  this  writing,  field  tests’*  already  indicate  part 
•og rammer  productivity  gains  of  approximately  40  to  70  percent  when  compared  to  the  APT 
'Stem.  Percentage  variation  depends  upon  the  arr.ount  of  original  data  in  the  design  data  base 


Meld  test  of  the  N/C  module  was  started  in  March  1977  at  the  Pantex  Plant,  Amarillo, 
ixas,  which  is  operated  for  DOE  by  the  Mason  H?. nger-Silas  Mason  Company,  Inc. 


o<  pa«  d«.lpn.  a..  .ad  release  lo  preducllon  1. 

Ur.tlclpated  In  c-arly  1978*-  1 

!  .He  ...eoaiwe  dal.  ^.e  ^ 

j:s:i  a7eei-::ri  l 

data  base  provides  a  regenerative  mo  e  g  P  capability,  the  dcsignera  arc  developing 

are  not  terminated. 

Today  aeveral  aopMatlCed,  mul.l-'termlnal.  '■Yf'"V:„;hf,‘^c"e^^.ng^e‘?.r7in^!'''"'^ 

U*.  a^pwaticated  ay.lem.  are  pre.eoted  lor  coal  compar.aon. 

Group  WX-3'a  ay.lem  Is  a  Ihree-termlnal  eolvlng  task.. 

|reCt-“m  ":mXt7u;trade:.oTn7„.erdat.  8/11  «»h  eight  u.er  lermln..,.  The 
present  system  configuration  and  cost  are  as  follows. 


Interdata  7/32  -  768  K  bytes 
TI  733 

2.5  M-word  disc  (4) 

64  M-word  disc; 

Magnetic  tape  transport,  9  track 
Remex  P/T  reader/punch 
Documentation  card  reader 
Versatek  line  printer 

Tektronix  4014-1  s/hardcopy, 

magnet  tape  cassettes  hi-speed  flag  interface 
and  refresh  buffer  (3) 


Total 


$95,705 

1,403 

25,160 

53,000 

5,888 

3,497 

6,500 

9,443 


-39JiJi 

$239,769 


Thla  .y.tem  l...apport=d  by  two  draltiog  maohinc.  a  Gerber  Model  82  nod  an  Xynetic 
Model  1800*  i 

The  prepoaed  lea.  aophlMIcuted  a"e"  d^o 

and  coat  are  a£  follows: 


ation 


Interdata  7/32  -  65  K-words 

with  15  M-word  disc  h  magnetic  tape 

$37,249 

Remex  P/T  reader/punch 

3,497 

Hciwlitt-Packard  4-pen  plotter 

4,800 

7''ektronlx  4014-1  with  refresh  buffer 

/ 

13.905 

Total  $59,451 

(includes  ^interfaccsr.^^*"^*  “«  approximate  cost  of  $20.  000  per  termine 

yi^SUM  MAP>Y 
AD-2000  has 

satisfied  LASL 

effective  by  increasing  the  productivity  of'oCr*^dco iv^nd^"'*  «o* 

system  is  hardware  independent  ard  is  on.ei-,t-  manuf  cturing  personnel,  The 

IBM  360/50.  Interdata  7/n,  DEC  PDP  Twan  'T'.  t  CDC  (.oid. 

plso  operational  on  many  other  comouteL^  «/  1  Hcwhtt  Packard  2100  computers.  It  is 

assembly  language  routines  for  bit  manipuUt  "rand  f 

interface  can  be  either  a  refresh  or  stooge  00x  0,^^  ^  ornputer 

arc  joy  stick,  graphic  tablet,  refresh  bufftr  aTt'r  ^  *y®‘«"'-««PP»*-ted  hardware  devices 

for  emclcnt  uliliz.M™  of  Ih.  »«  a=co„„rle,  are  no. 

manufacturing,  analysis,  and  management  data**  "t  *1,”'!  •"‘i  communicating 

.-..o.ng  an  off-line  design  andU^l^Hgll^^^t-n^  1:71^:: 

ourrem  .ard„are  teclinoiogy. 

future  codes  is  guaranteed.  «‘t.ibute  quality,  interfacing  to  existing  and 

As  LASL  expands  the  use  of  the  An.^nrin  .4  •  ,  *  . 

manufacturing,  and  management  programs  the  Anlmnn^^"  source  for  analysis 

is  strengthened.  Progiams.  the  AD.2000  data  base  bridge  of  CAD  to  CAM 


